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The lithology and palynology of a section, 103 metres thick, from Bagigraven clay pit on Bornholm, Den-
mark is recorded, and an environmental interpretation is proposed

70 spore-pollen morphotypes are recognized and systematically treated. The relative abundances are
determined for 15 samples, representative for the total of 51 prepared samples.

Three biozones are established, and based on the occurrence of selected morphotypes from
ammonoid-zoned strata in England, Holland and DDR, the lowest zone is dated to latest Toarcian and
the lower part of the middle zone to early Aalenian. The remainder of the Baga section is referred to
Middle Jurassic by correlation to Swedish palynofloras.
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Introduction

Jurassic, continental sediments of considerable
thickness are exposed in the Bagagraven clay pit
on the west coast of Bornholm, an island in the
Baltic between Sweden and Poland (fig. 1).

The locality has for a long time been known for
its deposits of coal. The coals, together with clay
resources, a rich macroflora and the geology in
general have been subject to scientific studies for
more than a century.

Excavation for clay in the Baga area commen-
ced by the end of the 19th century. Descriptions
of the clay mineralogy were given by Rordam
(1890), Graff-Pedersen (1961) and Graff-Peder-
sen & Bondam (1963).

The macroflora of the Baga beds has been ex-
tensively studied by Bartholin (1892, 1894), Mo6l-
ler (1902, 1903) and Florin (1958). The main con-
stituents of the flora are ferns, conifers and cyca-
dophytes.

The geological setting with special emphasis on
the coal seams was first described in 1837 by
Forchhammer. He referred the sediments to the
Baga System and considered the northern and
southern boundaries, which he named respec-
tively the Levka- and the Sorthat Systems, as be-
ing faults. This view and the subdivision of the

coal-bearing strata into three separate and fault-
bounded sequences are still maintained.

The general geology and stratigraphy of the
Bagé beds were further treated by Jespersen
(1865, 1866), Gronwall (1899), Malling (1920),
Hohne (1933), Hansen (1939), Rosenkrantz
(1939) and Gry (1951). Modern accounts were
given by Gry (1969) and Gravesen, Rolle & Sur-
lyk (1982).

After a thorough discussion of previous views
and based on the macrospore content Gry (1969)
concluded that the age of the Bagé beds is Middle
Jurassic and that they probably are younger than
the surrounding Levka- and Sorthat beds.

Gravesen et al. (1982) established a formal
lithostratigraphic classification of the Jurassic de-
posits of Bornholm. In this classification the
Baga-, Levka-, and Sorthat sequences were in-
cludedin the Baga Formation. The formation has
Bagéagraven clay pit as type locality.

The Jurassic deposits of Bornholm, except for
the extreme uppermost, are headed under the
Bornholm Group (Gravesen et al. 1982); how-
ever, no profound revisions have been made con-
cerning their internal subdivision. Thus, the tri-
partition in a Lower Limnic, Marine and Upper
Limnic Series remain unchanged, but formal
names were given. These are Rpnne Formation,
Hasle Formation and Baga Formation.
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Fig. 1. Geological map of the SW-part of Bornholm (modified
from Gry 1969).

Based on the macroflora and ammonites, the
Rgnne Formation and the Hasle Formation are
well dated to Hettagian - Sinemurian and to
Early Pliensbachian respectively (Harris 1937,
Gry 1969, Malling & Gronwall 1909). However,
attempts to date the Bagé Formation by means of
the macroflora (Florin 1958) and by the macro-
spore content (Gry 1969) fails to give a detailed
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stratigraphic account, although both methods in-
dicate a Middle Jurassic age.

Applying palynology to the Bagd Formation
has proven successful, as it has been possible to
establish a biozonation and a basis for a chro-
nostratigraphic placing. This was the ultimate
aim of the present investigation, but the purpose
was also a brief description of the majority of
palynomorphs recovered and a systematic treat-
ment af some ill-defined or problematic morpho-
taxa.

Lithology and depositional
environment

The section forming the basis for the present in-
vestigation is located in the northern part of the
Bagagraven clay pit (fig. 2). The thickness totals
103 metres and the dominating lithologies are
sand, clay and coal (fig. 3). The sediments can be
subdivided into three lithologic units.

The lower 20 metres (unit 1) are characterized
by clay, but sand and coal occurs, especially in
the middle part of the unit. One root horizon is
present. Fining upwards sequences has not been
recognized.

The overlying 51 metres of sediments (unit 2)
are rather heterogeneous with root horizons, cy-
clic sedimentation and frequent deformation
structures. The interval from 20 to 40 metres
roughly equals the type section of the Baga For-
mation (Gravesen et al. 1982, p. 25).

The uppermost part of the section (unit 3) is
dominated by coarse sediments. A mudflow hori-
zon containing partly kaolinized granite boulders
is present, so are two fining upwards sequences
and one root horizon.

Judging from i.a. the rapidly changing lithol-
ogy, the fining upwards sequences and the root
horizons, it is most likely that the sediments were
deposited in a fluvial or deltaic environment.
This was noted by Gry (1969), who mentioned
deltaic conditions in general, whereas Gravesen
et al. (1982) more specifically pointed to a lower
delta plain environment under marine influence.
Finds of agglutinating foraminifera in the Sorthat
beds (Gry 1969) are the basis for the conclusion
of Gravesen et al. (1982) (Gravesen, pers.
comm., 1984). However, no marine palyno-
morphs have been recovered in the Bagé section,
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Fig. 2. Aerial view and panorama of Bagagraven with the investigated section indicated. Flyvefotografi: Geodatisk Institut, Rute
T402E, nr. 2957, 1974, Gengivet med instituttets tilladelse (A. 182/84). Copyright.

and a flood plain environment may be a better
proposal for that particular section of the Baga
Formation. Unit 2 fits very well with that inter-
pretation. The fine grained unit 1 and the coarse
grained unit 3 can be seen respectively as flood
plain basins of a coastal/delta plain environment
and as a flood plain/alluvial fan environment.
This also demonstrates the regressive nature of
the Baga Formation, because an advancing delta
front increases the distance to sea of the deposi-
tional area behind it. In the actual case from a
coastal area proximity to a source area proximity,
thus the coastal/delta plain environment with
strong clay accumulation is gradually replaced by

a flood plain environment with extremely varied
subenvironments. This environment is finally re-
placed by a flood plain/alluvial fan environment
with mud flows.

Sample preparation

The samples have been passed through a stan-
dard procedure. After a mild surface washing the
samples were crushed and 1,5 g were weighed
out. This fraction of the material was chemically
treated as follows: 10 min. of cold 10% HCI, 2x2
h. of 90°C 40% HF and 20 min. of 90°C 10%
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Fig. 3. The investigated section of the Bagd Formation, ~ lithology, texture and sedimentary structures. Measured 1979-80.

HCI. The samples were then washed in H,O and being focused on the palynomorph content, as

sieved on a 10 um filter and the result checked. the purpose was exclusively biostratigraphy/sys-
One or two steps in the procedure were repeated tematics. In this context the optimal conditions
when necessary. for microscopical observations are clean prepara-

The organic residues were evaluated, attention tions with transparent light brown palynomorphs.
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In order to achieve this, the samples were ex- The organic residues were mounted and stored
posed to ultrasound, peptisator and thoroughly in glycerine. 51 samples were prepared.

washed with H,O on a 10 um filter. The palyno- All the samples have been microscopically
morphs, if too dark, were bleached with 5% scanned and 15 of the richest and most diverse
KOH.

8 D.GF34
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Deltoidospora toralis -
D. crassexina _
D. minor

D. australis
Punctatisporites globosus
P. major —
Calamospora tener —
Tripartina variabilis
Cibotiumspora jurienensis
Stereisporites cicatricosus
5. stereoides -
5. aulosenensis f~—T
Baculatisporites wellmanit
B. comaumensis
Leptolepidites bossus -

L. equatibossus -

L. major -
L. ef. paverus — -
Uvaesporites argenteaeformis -—— et ——
U. puzzlet
Neoraistrickia gristhorpensis it -
N. taylorii
Foraminisporis jurassicus 1
Trachysporites fuscus -
T. asper

Conbaculatisporites cf. mesozotcus
C. sp.

Manumia variverrucata
Lycopodiacidites rugulatus
Lycopodiumsporites austroclavatidites - ~-—-
L. reticulumsporites
L. graeilis F——
L. clavatoides
L. semimuris

i

Staplinisporites caminus — —A -
Igchyosporites variegatus

Matonisporitee crassiangulatus —

Sestrosporites pseudoalveclatus -

Contignisporites dunrobinensis - ~—

C. problematicus -
Densotisporites velatus
Heliosporites reiasingerti
Perotrilites sp.

Platyptera cf. triloba
Laevigatisporites mesozotcus
Marattisporites scabratus
Callialasporites minus

C. dampieri

C. turbatus

C. ef. microvelatus
Quadraeculina annellaeformis -
Vitreisporitea pallidus
Pityosporites scaurus
Protopinus scanicus =|——-
Alisporites robustue
Spheripollenites psilatus
S. scabratus

S. subgranulatus
Chomotriletes minor —
Perinopollenites elatoides
P. cf. elatoides
Araucariacites australis - -
Cerebropollenites macroverrucosus
C. thiergartii i -
Chasmatosporites magnolioides ——
Cycadopides nitidus
Clavatipollenites hughesit
Eucommiidites troedsonit -— -—
Corollina torosus
C. meyertana ==

I

Unidentified bisaccates
Unidentified aletes
Other unidentified

Number of counted palynomorphs 240 319 1320 [286 ) 315 Ja2e |33 |37 |31 | e | 199 | 15 | 370 | 296 | 357

Fig. 4. Graphic representation showing the distribution and the relative abundances of the species recovered from the investigated
section.
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from different levels through out the section were
counted, fig. 4.

The samples are registered and deposited at
the Department of Geology, University of Aar-
hus.

Stratigraphical results

The statigraphic distribution and relative abun-
dance of the species recovered from the Bagi
section is shown in fig. 4.

All samples are characterized by a strong rep-
resentation of stratigraphic long ranging species
and a high relative abundance of Deltoidospora
spp. and Aletes.

The distribution, concurrence and relative
abundance of selected species, the overall rich-
ness (diversity) and number of Sporites species
relative to the number of Pollenites species (the
S/P — coefficient) makes it possible to establish a
biozonation with 3 zones (informal Oppel zona-
tion, Hedberg 1972).

Zone I is characterized by relatively few (46)
species. The S/P — coefficient is 2.3. Foraminispo-
ris jurassicus and Heliosporites reissingeri are re-
stricted to Zone I and Ischyosporites variegatus
and Araucariacites australis have high relative
abundances in the lower and upper part of the
zone tespectively. The boundary between Zone I
and Zone II is characterized by a high relative
abundance of Baculatisporites wellmanii.

Zone 1II is marked by the incoming of 24 new
speéies, of which almost half are referable to the
Pollenites group and the S/P — coefficient thus de-
creases to 1.8. Important new species are Lep-
tolepidites equatibossus, Neoraistrickia gristhor-
pensis, Manumia variverrucata, Matonisporites
crassiangulatus, Sestrosporites pseudoalveolatus,
Callialasporites minus and C. turbatus. Species
restricted to Zone II are Leptolepidites equatibos-
sus, Lycopodiumsporites austroclavatidites, Ma-
tonisporites crassiangulatus, Callialasporites tur-
batus and Chasmatosporites magnolioides.

Perinopollenites elatoides shows high relative
abundances and so does Marattisporites scabratus
in the upper part of the zone. The concurrent oc-
currence of all recognized species of genus Lep-
tolepidites and genus Lycopodiumsporites charac-
terizes the lower part of the zone.

Zone 1II starts with concurrent high relative

8*

abundances of Corollina torosus and Contigni-
sporites problematicus and ends with concurrent
high relative abundances of C. torosus and C.
meyeriang. Otherwise, the characteristics of
Zone III are sparse. 15 species present in Zone II
are absent in Zone III and the S/P — coefficient
decreases to 1.6. Especially the lack of Lycopodi-
umsporites semimuris and Callialasporites turba-
tus and the near absence of Eucommiidites
troedssonii (only a single doubtful specimen) dis-
tinguish Zone III from Zone II. No new species
occur.

The general trends in composition of the paly-
noflora are a steadily decreasing relative propor-
tion of spores from base to top of the section and
a pronounced maximum in richness of species in
the middle part (Zone II).

It may be noted that the biozonation is roughly
equivalent to the lithostratigraphic subdivision.
Thus, it is possible that the changing palynoflora
is a reflection of a changing depositional environ-
ment. However, the marked changes in the paly-
noflora at the boundary Zone I/Zone II do not
correspond to a major shift in the depositional
environment, as the lithologic-transition from
Unit 1 to Unit 2 is continuous. B

Palynofloras with a change in composition
similar to that between Zone I and Zone II have
been observed in the Jurassic of Yorkshire, Eng-
land (Couper 1958), DDR (Schulz 1967), eastern
Holland (Herngreen & de Boer 1974) and north-
ern Denmark (Bertelsen 1974). Based on the
data from these areas, the stratigraphic distribu-
tion of some important palynomorphs have been
compiled, fig. 5. The occurrence of the same spe-
cies from the Baga section (fig. 5) shows a distri-
bution similar to the one seen at the boundary
Toarcian/Aalenian (one discrepancy is the too
late occurrence of Manumia variverrucata). It is
thus presumed that the boundary Zone 1I/Zone 11
is equivalent to the boundary between Toarcian
and Aalenian. The age determination of the
lower part of the Bagé section is highly facilitated
by possibilities of correlation to ammonoid dated
sections in England, DDR and Holland. Those
possibilities are not present concerning the
higher levels of the Baga section.

Palynologic investigations in Scania, southern
Sweden (Tralau 1968, Guy 1971, Guy-Ohlson
1978) have yielded palynomorph assemblages in-
terpreted as Middle Jurassic, which are almost
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Leptolepidites bossus
Leptolepidites equatibossus

Leptolepidites major
Neoraistrickia gristhorpensis
Foraminisporis jurassicus
Manumia variverrucatus
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Fig. 5. Distribution in North West Europe of selected species with special emphasis on the boundary Toarcian/Aalenian compared

with distribution of the same species from the Bagi section.

similar to those recovered from Zone II and
Zone III.

Thus, the age of Zone I can be referred to lat-
est Toarcian, that of the lowermost Zone II to
Aalenian, and the remainder of the section to
Middle Jurassic by correlation to Scania.
Whether the Baga section includes all Middle Ju-
rassic stages or only the lowermost cannot, how-
ever, be determined yet.

Conclusion

The present investigation of the Bagi beds has
revealed a diverse assemblage of well preserved
spores and pollen, permitting the establishment
of three biozones (Zone I-III).

The age of the boundary between Zone I and
Zone 11 is, by correlation to palynologically in-
vestigated and ammonoid zoned strata in North-
West Europe, determined to the boundary Toar-
cian/Aalenian. The palynoflora of the upper two
zones (Zone II and IIT) equivalates palynofloras
of Scania, interpreted as Middle Jurassic.

Thus, the investigated section of the Baga For-
mation (103 meters) can with certainty be re-
ferred to the uppermost Lower and lower Middle
Jurassic. The extent of the section into the Mid-
dle Jurassic is as yet unknown.

No marine palynomorphs have been recov-
ered. This, together with the sedimentology of
the Bagd section, indicates that the bulk of sed-
iments was deposited in a flood plan environ-
ment.
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Systematics

Anteturma SPORITES H. Potonié

Subturma AZONOTRILETES Luber emend.
Dettmann 1963

Infraturma LAEVIGATI Bennie & Kidston
emend. Potonié 1956

Genus Deltoidospora Miner 1935 emend. Danzé-
Corsin & Laveine 1963

1953: Cyathidites Couper

1953: Concavisporites Pflug

1954: Leiotriletes Naumova emend. Potonié &
Kremp

1955: Biretisporites Delcourt & Sprumont
Leschik 1955: Laevigatisporites (Bennie & Kid-
ston) Ibrahim

1958: Dictyophyllites Couper

1959: Intrapunctisporis Krutzsch

Considerable confusion prevails concerning the
classification of laevigate triangular spores. The
basic difficulties are obviously that such spores
possess few, but highly variable, characters. This
has led to the establishment of several almost in-
separable taxa. Many of the laevigate triangular
spores, abundant in the Bagd samples, can be as-
cribed to these taxa, but just as many are inter-
mediate forms and remain unclassified. It is
therefore feasible to use broadly defined taxa.
The appropriate genus is Deltoidospora Miner
emend. Danzé-Corsin & Laveine 1963, as it
agrees with the principle of priority, and as it in-
cludes trilete spores with triangular to subtrian-
gular amb, long sutures often bordered by folds
and laevigate to finely infrastructured exine. This
excludes from Deltoidospora only laevigate trian-
gular spores with particular and persistent char-
acters e.g. Tripartina and Cibotiumspora.

Deltoidospora toralis (Leschik 1955) Lund 1977
Plate 1, figs. 1-2.

1958: Concavisporites toralis (Leschik 1955) Nils-
son

D. toralis is identified by having folds along the
sutures and/or a thickened contact area. These
two characters are correlative because a differen-
tiated exine must be rather susceptible to folding
during compression and because folding tends to
obscure thickenings of the exine. D. toralis thus

includes all forms with a thickened contact area,
but only part of those without.

Deltoidospora crassexina (Nilsson 1958) Lund
1977
Plate 1, fig. 5.

Similar to D. toralis except for a thicker exine,
1.5-3 pm.

Deltoidospora minor (Couper 1953) Pocock 1970
Plate 1, figs 34.

D. minor includes small to medium sized, unde-
formed triangular spores with a laevigate to
weakly infrastructured exine of uniform thick-
ness, 1-2 pm.

Deltoidospora australis (Couper 1953) Pocock
1970
Plate 1, fig. 6.

Equatorial diameter larger than 55 um, otherwise
as D. minor.

Genus Punctatisporites Ibrahim emend. Potonié
& Kremp 1954

Punctatisporites globosus (Leschik 1955) Lund
1977
Plate 1, fig. 8.

Apart from a slightly thinner exine and a circular
amb P. globosus and P. major parallels D. minor
and D. australis. Size separation at 52 pum.

Punctatisporites major (Couper 1958) Kedves &
Simonsics 1964

Genus Calamospora Schopf, Wilson & Bentall

Calamospora tener Leschik 1955 emend. Madler
1964
Plate 1, fig. 7.

Genus Tripartina Malyavkina 1949 emend. Poto-
nié 1960

Lectotype Tripartina variabilis Malyavkina 1949
designated by Potonié 1960.

Tripartina Malyavkina 1949 was validly pub-
lished according to ICBN (Traverse & Ames, vol.
40, p. 66), but no holotype was designated. Later
Malyavkina (1953, 1964) stated additional diag-
noses and designated T. ornata as type (Mal-
yavkina 1964). However, a lectotype was already
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Plate 1.

Figs. 1-2; Deltoidospora toralis, figs. 3—4; Deltoidospora minor, fig. 5; Deltoidospora crassexina, fig. 6; Deltoidospora australis, fig. 7;
Calamospora tener, fig. 8; Punctatisporites globosus, fig. 9; Tripartina variabilis, figs. 10-11; Cibotiumspora jurienensis, fig. 12; Sterei-
sporites cicatricosus, fig. 13, Stereisporites stereoides, fig. 14; Stereisporites aulosenensis, figs. 14-16; Stereisporites spp., fig. 17; Bacu-
latisporites wellmanii, fig. 19; Baculatisporites comaumensis, fig. 20; Leptolepidites bossus. All figures approx. 750X.
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designated by Potonié (1960) and so the type T.
ornata is superflous. In the same work Potonié
altered the generic diagnosis on basis of the spe-
cies description for T. cretacea (Malyavkina 1949,
p. 48), thus the original diagnosis (Malyavkina
1949, p. 31) seems to be overlooked. In spite of
that, Potonié clarified the diagnosis as emphasis
was placed on the radial sculpture.

Tripartina variabilis Malyavkina 1949
Plate 1, fig. 9.

Guy 1971: Undulatisporites concavus Kedves
Filatoff 1975: Cf. Obtusisporis canadensis Pocock

Malyavkina subdivided the species 7. variabilis
into several subspecies. T. variabilis here in-
cludes all varieties except for the smooth 7. vari-
abilis var. glabra Malyavkina 1949,

T. variabilis may have a local stratigraphic po-
tential in the Lower Jurassic as it is present in the
Middle Jurassic of Scania (Guy 1971) and the late
Lower to Middle Jurassic of Bornholm, but ab-
sent in the Rhaetic to Lower Liassic of Scania
(Guy-Ohlson 1981) and the south-eastern North
Sea Basin (Lund 1977).

Genus Cibotiumspora Chang 1965 emend. Fil-
atoff 1975

Cibotiumspora jurienensis (Balme 1957) Filatoff
1975 _
Plate 1, figs. 10-11

The species was by several authors placed in the
genus Concavisporites Pflug 1953 (i.a. Balme
1957, Kedves and Simoncsics 1964, Guy 1971 and
Schuurman 1977). However, C. jurienensis can
be distinguished from other laevigate triangular
spores by the characteristic distal folds.

Genus Stereisporites Pflug 1953 sensu lato
Krutzsch 1963.

The general features of genus Stereisporites are a
relatively thick not folded exine, small dimen-
sion, laevigate proximal face and an extremely
varied equatorial and distal sculpture.
Stereisporites  cicatricosus Rogalska emend.
Danzé-Corsin & Laveine 1963

Plate 1, fig. 12.

S. cicatricosus is characterized by a distal polar
thickening encircled by radial grooves.

Stereisporites stereoides (Potonié & Vernitz)
Thomsen & Pflug 1953
Plate 1, fig. 13.

Exclusively laevigate, but often exhibiting a weak
distal exine differentiation and fine radial tend-
encies.

Stereisporites aulosenensis (Schulz 1967) Schulz
1966
Plate 1, fig. 14

Distal sculpture rugulate/reticulate.

Stereisporites spp.
Plate 1, figs 15-17.

The genus Stereisporites includes more than 50
species (Doring, Krutzsch, Schulz & Timmer-
mann 1966, Schulz 1970). However, none of the
previously described species conform exactly to
those here figured.

Infraturma APICULATI Bennie & Kidston
emend. Potonié 1956

Genus Baculatisporites Thomson & Pflug 1953
emend. Krutzsch 1967

1953: Osmundacidites Couper

Baculatisporites  wellmanii  (Couper  1953)
Krutzsch 1959

Plate 1, fig. 18
Baculatisporites comaumensis (Cookson 1953)

Potonié 1956
Plate 1, fig. 19.

B. comaumensis is distinguished from B. well-
manii by a less dense sculpture of larger ele-
ments.

Genus Leptolepidites Couper 1958 emend. Schulz
1967

Leptolepidites bossus (Couper 1958) Schulz 1967
Plate 1, fig. 20.

Characterized by equally distributed spherical
verrucae and pila.
Diameter of pila about 2 pm.

Leptolepidites equatibossus (Couper 1958) Tralau
1968
Plate 2, fig. 1.

Exine verrucate except for the pilate sculptured
equatorial region,
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Plate 2.

Fig. 1; Leptolepidites equatibossus, fig. 2; Leptolepidites major, fig. 3; Leptolepidites cf. paverus, fig. 4; Uvaesporites puzzlei, fig. 5;
Uvaesporites argenteaeformis, fig. 6; Neoraistrickia gristhorpensis, fig, 7; Neoraistrickia taylorii, fig. 8; Trachysporites fuscus, fig. 9:
Trachysporites asper, fig. 11; Strongly corroded Deltoidospora sp., fig. 12; Cf. Conbaculatisporites mesozoicus, fig. 13; Con-
baculatisporites sp., figs. 15-17; Manumia variverrucata, fig. 14; Lycopodiacidites rugulatus, figs. 18-20; Lycopodiumsporites reticu-

lumsporites All figures approx. 750X.
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Leptolepidites major Couper 1958
Plate 2, fig. 2.

Similar to L. bossus apart from larger spherical
verrucae and pila.

Leptolepidites cf. paverus Levet-Carette 1964
Plate 2, fig. 3.

Differs from L. paverus by having fewer verrucae
and a smaller equatorial diameter.

Genus Uvaesporites Doring 1965

Uvaesporites  argenteaeformis  (Bolkhovitina)
Schulz 1967

Plate 2, fig. 5.

Uvaesporites puzzlei Guy 1971
Plate 2, fig. 4.

U. puzzlei is characterized by a distal sculpture of
elongate sometimes coalescent verrucae.

The type has not been recovered in the Rhaetic
to Lower Liassic of Scania (Guy-Ohlson 1981)
but is present in the Scanian Middle Jurassic
(Guy 1971) and may thus be indicative of a Late
Liassic to Middle Jurassic age.

Genus Neoraistrickia Potonié 1956

Neoraistrickia gristhorpensis (Couper 1958) Tra-
lau 1968
Plate 2, fig. 6.

Neoraistrickia taylorii Playford & Dettmann 1965
Plate 2, fig. 7.

Genus Foraminisporis Krutzsch 1959
Foraminisporis jurassicus Schulz 1967

Only a single specimen has been recovered (sam-
ple no. 32809)

Genus Trachysporites Nilsson 1958
The genus comprises spores with various types of
microsculpture.

Trachysporites fuscus Nilsson 1958
Plate 2, fig. 8.

Trachysporites asper Nilsson 1958
Plate 2, fig. 9.

This species is similar to T. fuscus but has a con-
siderably thinner exine.

The differentiation between strongly corroded
Deltoidospora sp. (plate 2, fig. 11) and T. asper is

doubtful, because of the resemblance in exine
structure/sculpture.

Genus Cbhbaculatisporites Klaus 1960

Although not entirely in agreement with the ge-
neric diagnosis, the approach of Lund (1977),
Schuurman (1977) and Pedersen & Lund (1980)
as to include in Conbaculatisporites forms with
sculptural elements other than bacula is fol-
lowed.

Ct. Conbaculatisporites mesozoicus Klaus 1960
Plate 2, fig. 12.

Spore trilete with triangular amb. Exine less than
1 pm thick, sculptured with grana and 1-3 pm
high bacula and spinae. Equatorial diameter
3040 pm.

Conbaculatisporites sp.
Plate 2, fig. 13.

Spore trilete with triangular amb, straight sides
and rounded apices. Exine covered with bacula,
about 1 pm in diameter and 1-2 um high. Sculp-
ture slightly denser at the apices.

Genus Manumia Pocock 1970

Manumia is characterized by having long, simple
or labrate sutures, a triangular amb and an exine
with irregular spaced verrucae or spinae. Radial
crassitude can be present.

Manumia variverrucata Couper 1958 comb. nov.
et emend.
Plate 2, fig. 15-17.

1958: Concavisporites variverrucatus Couper
1967: Trilites minutus (Bolkhovitina) Schulz
1971: Cf. Converrucosisporites variverrucatus
((Couper) Norris) Guy

1974: Trilites sp. Herngreen & de Boer

Spore trilete with triangular amb, straight,
weakly concave or convex sides and rounded api-
ces. Sutures simple or labrate, almost reaching
the equator. Exine 1-2 pm thick with none or a
weak tendency to valvae. Spore sculptured with
irregularly distributed, sometimes coalescent ver-
rucae, about 1 um high and 2-4 pm broad. Equa-
torial diameter 30-50 pm.

The present type is ascribed to genus Manumia
because genera such as the too broadly defined
Trilites Cookson ex Couper, the dense sculptured
Converrucosisporites Potonié & Kremp 1954, and
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the mainly laevigate Concavisporites Pflug 1953,
seem less suitable.

Manumia variverrucata has its first occurrence
in Lower Toarcian (Schulz 1967, Herngreen & de
Boer 1974).

Infraturma MURORNATI Potonié¢ & Kremp
1954

Genus Lycopodiacidites Couper 1953 emend. Po-
tonié 1956

Lycopodiacidites rugulatus (Couper 1958) Schulz
1967
Plate 2, fig. 14

Spore trilete with subcircular amb. Exine except
for contact area covered with 1-3 pm wide some-
times coalescent rugulae and longish verrucae.

Genus Lycopodiumsporites Thiergart ex. Del-
court & Sprumont 1955

1963: Rititriletes Van der Hammen ex. Pierce
emend. Doring, Krutzsch, Mai & Schulz.

Trilete spores with a subtriangular to subcircular
amb and a more or less perfect reticulate sculp-
tured distal exine are ascribed to genus Lycopo-
diumsporites. Even though the validity of the
genus is doubtful. (Déring et al. 1963, Dettman
1963, Tralau 1968), it is a widely used genus, and
is here regarded as a sort of “nomina conser-
vanda”.

A selection of species with perfect reticulate

'

\L. reticulumsporites (Rouse) Dettmann - Tralau 1968
‘L. _clavatoides Couper emend. Tralau 1968
"iL._clavatoides Couper emend. Tralau - Guy 1971

L. reticulumsporites (Rouse) Dettmann - Guy 1971

L. vilhelmii Guy 1971

L. austroclavatidites (Cookson) Potonié - Dettmann 1963
L. reticulumsporites (Rouse) Dettmann 1963
R._austroclavatidites (Cookson) Doring et al. - van Erve 1977
R. clavatoides (Couper) Doring et al. - van Erve 1977
R. clavatoides {Couper) Doring et al. - Schulz 1867
L. gracilis Nilsson 1958
R. gracilis (Nilsson) Dtring et al., - Schulz 1987
L. austroclavatidites Cookson - Burger 13966
L. clavatoides Couper 1858
L. austroclavatidites (Cookson) Focock 1862

sp. 1% L. austroclavatidites {Cookson) Potonié 1956
sp. 23 L. reticulumsporites (Rouse) Dettmann 1963
sp. 3: L. gracilis Nilsson 18958

sp. 43 L. clavatoides Couper emend. Tralau 1968

Table 1

Equatorial
diameter in pm

22-35
28-35
28-35
32-42
37-54
34-58
25-29
28-35
32-37
30-43
28-33
32-36
40-50
25-50
30-45

30-35
25-30
32

25-35

Hoelstad: Palynology of Jurassic strata

distal and equatorial exines is listed in Tab. 1. It
may be noted that all forms have an equatorial
diameter in the interval 22~58 um and that they
all have representatives in the interval 3040 pm.

Based on diameter of luminae, height of muri
and presence of contact area sculpture, four spe-
cies can be selected.

Lycopodiumsporites austroclavatidites (Cookson
1953) Potonié 1956
Plate 3, fig. 1.

Identified by a distal and equatorial reticulum
with large luminae and high muri.

Lycopodiumsporites  reticulumsporites
1959) Dettmann 1963
Plate 2, figs. 18-20.

Identified by a distal and equatorial reticulum
with small luminae and low muri and a somewhat
reduced and less tight reticulum on the proximal
side.

(Rouse

Lycopodiumsporites gracilis Nilsson 1958
Plate 3, fig. 2.

Similar to L. austroclavatidites except for consid-
erably smaller luminae and lower muri. ’

Lycopodiumsporites clavatoides Couper 1958
emend. Tralau 1968
Plate 3, fig. 3.

Identified by a reticulate sculpture with large lu-
minae and low muri.

Diameter of Height of Contact area Species
luninae in pm  muri in um sculpture

1-5 1 + Sp. 2
6-14 1-1.5 - Spe 4
8-13 0.8-1.6 ) - sp. 4
1-5 1 b + sp. 2
8-14 3-7 | - sp. 1
7-12 2-3 ! - sp. 47
2-6 1 1 + Spe 2
3-4 2 i - spe 3
B-9 ] : - sp. 1
B-14 3-4 - sp. 1
4-5 2-3 - spe 3
2-5 1-2 - Spe 3
5-10 3-5 - sp. 1
8-15 4 - Spe 1
6-10 1-4 - spe 1
5-12 3-4 ' -

2-4 1 +

35 2-3 -

6-12 1-2 -

Comparison of species referred to genus Lycopodiumsporites/Retitriletes. Four morpho-types can be selected (right hand column),
and according to the principle of priority, their epithets are as indicated.
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Plate 3.

Fig. 1 Lycopodiumsporites austroclavatidites, fig. 2, Lycopodiumsporites gracilis, fig. 3. Lycopodiumsporites clavatoides, fig. 4: Lyco-
podiumsporites semimuris, fig. 5; Staplinisporites caminus, fig. 6; Ischyosporites variegatus, fig. 7. Sestrosporites pseudoalveolatus, fig.
8: Contignisporites problematicus, fig. 9; Contignisporites dunrobinensis, fig. 10; Matonisporites crassiangulatus, fig. 11; Densoispori-
tes velatus, fig. 12; Heliosporites reissingeri, fig. 13; Perotrilites sp., fig. 14: Marattisporites scabratus, fig. 15; Vitreisporites pallidus, fig.
16: CI. Platyptera triloba, fig. 17 Laevigatosporites mesozoicus, fig. 18; Quadraeculing anellaeformis fig. 19: Callialasporites minus.
All figures approx. 750X.
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Lycopodiumsporites semimuris Danzé-Corsin &
Laveine 1963
Plate 3, fig. 4.

L. semimuris is distinguished from all other spe-
cies of genus Lycopodiumsporites by the imper-
fect reticulate sculpture.

Genus Staplinisporites Pocock 1962

Staplinisporites caminus (Balme 1957) Pocock
1962
Plate 3, fig. 5.

Characterized by a distal sculpture comprising a
concentric irregular band of thickened exine sur-
rounded by more or less radial muri and a cir-
cular granulate polar exine thickening.

Subturma ZONOTRILETES Waltz
Infraturma AURICULATI Schopf emend. Dett-
mann 1963

Genus Ischyosporites Balme 1957

Ischyosporites variegatus (Couper 1958) Schulz
1967
Plate 3, fig. 6.

1. variegatus is readily recognized by a thick exine
and a distinct foveolate to foveo-reticulate distal
sculpture.

Genus Matonisporites Couper 1958 emend. Dett-
mann 1963

Matonisporites  crassiangulatus (Balme 1957)
Dettmann 1963
Plate 3, fig. 10.

Infraturma TRICRASSATI Dettmann 1963

Genus Sestrosporites Dettmann 1963

Sestrosporites pseudoalveolatus (Couper 1958)
Dettmann 1963
Plate 3, fig. 7.

Exhibiting interradial crassitude and a foveolate
sculpture.
Foveo about 1 pm in diameter.

Infraturma CINGULATI Potonié & Klaus
emend. Dettmann 1963

Genus Contignisporites Dettmann 1963

Hoelstad: Palynology of Jurassic strata

Genus Contignisporites comprises cingulate spo-
res with a bilateral symmetrical murornate sculp-
tured distal side and a radial symmetrical mu-
rornate sculptured proximal side.

Contignisporites dunrobinensis (Couper 1958)
Schulz 1967 '
Plate 3, fig. 9.

Contignisporites problematicus (Couper 1958)
Ddoring 1965
Plate 3, fig.8.

C. problematicus is distinguished from C. dun-
robinensis by a smaller overall size (3040 pm)
and a more delicate sculpture.

Genus Densoisporites Weyland & Krieger 1953
emend. Dettmann 1963

Densoisporites‘velatus Weyland & Krieger 1953
Plate 3, fig. 11.

Genus Heliosporites Schulz 1962

Heliosporites reissingeri (Harris 1957) Chaloner
1969
Plate 3, fig. 12.

H. reissingeri is characterized by a central body
enveloped in a loosely attached spinose outer ex-
ine.

H. altmarkensis Schulz 1962 is a junior syn-
onym of H. reissingeri.

Genus Perotrilites Couper 1953

Perotrilites sp.
Plate 3, fig. 13.-

Perotrilites sp. includes trilete subcircular to tri-
angular spores with distinct sutures and a central
body enveloped by an outer exinelayer. The
overall size (25-30 um) is smaller than previously
described Perotrilites types (Couper 1953, Schulz
1966, Guy 1971).

Genus Platyptera Naumova

Cf. Platyptera triloba Naumova
Plate 3, fig. 16.

Only a single specimen was recovered. It differs
from P. triloba by lacking radial sculpture, and
from P. trilingua (Horst) Schulz sensu Guy 1971
by the lack of radial crassitude.

Cf. P. triloba is perhaps a reworked carbonif-
erous spore.
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Plate 4.

Fig.1: Callialasporites turbatus, fig. 2: Cf. Callialasporites microvelatus, fig. 3; Alisporites robustus, fig. 4. Pitvosporites scaurus, fig. 5;
Chomotriletes minor, fig. 6; Araucariacites australis, fig. 7: Spheripollenites psilatus, fig. 8: Spheripolienites scabratus, fig. 9; Spheripol-
lenites subgranulatus, fig. 10; Clavatipollenites hughesii, fig. 11: Corollina meyeriana fig. 12; Cerebropollenites macroverrucosus, fig.
13 Cerepollenites thiergariii, fig. 14; Cycadopides nitidus, fig. 15; Perinopollenites cf. elatoides, fig. 16; Perinopollenites elatoides, fig.
17; Chasmatosporites magnolioides, fig. 18; Eucommiidites troedssonii, fig. 19; Corollina torosus.
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Turma MONOLETES Ibrahim

Subturma AZONOMONOLETES Luber
Infraturma PSILAMONOLETI Van der Ham-
men

Genus Laevigatisporites Ibrahim
1956: Monolites Cookson ex Potonié

Laevigatosporites mesozoicus Schulz 1967
Plate 3, fig. 17.

Spore monolete with 1,5-2,5 um thick, laevigate
exine. Length 45-55 pm.

Genus Marattisporites Couper 1958

Marattisporites scabratus Couper 1958
Plate 3, fig. 14.

Anteturma POLLENITES Potonié

Turma SACCITES Erdtman 1947

Subturma MONOSACCITES (Chitalay) Potonié
& Kremp 1954

Genus Callialasporites Dev 1961
1961 March: Callialasporites Dev
1961 Dec.: Applanopsis Doring
1970: Callialasporites Dev — Pocock

Callialasporites minus (Traulau 1968) Guy 1971
Plate 3, fig. 19.

Monosaccate pollen with circular to subcircular
amb and a two layered exine. Quter layer for-
ming a 5-6 pm broad and radial folded equatorial
saccus.

Callialasporites dampieri (Balme 1957) Dev 1961

Similar to C. minus apart from the size, larger
than 55 um.

Callialasporites turbatus (Balme 1957) Schulz
1967
Plate 4, fig. 1.

Amb subcircular to subtriangular, central body
distinct triangular, saccus seldom folded.

Cf. Callialasporites microvelatus Schulz 1967
Plate 4, fig. 2.

Cf. C. microvelatus is distinguished from C. mi-
crovelatus by a wider equatorial saccus, 6-8 pm.

Subturma DISACCITES Cookson

Genus Quadraeculina Malyavkina 1949 sensu
Schuurman 1977

Hoelstad: Palynology of Jurassic strata

Quadraeculina anellaeformis Malyavkina 1949
Plate 3, Fig. 18.

Genus Vitreisporites Leschik 1955 emend. Jan-
sonius 1962
1958: Caytonipollenites Couper

Vitreisporites pallidus (Reissinger 1950) Nilsson
1958
Plate 3, fig. 15.

V. pallidus is characterized by its small dimen-
sions. Length X breadth about 15 X 30 um, Ex-
ine less than 1 pm thick.

Genus Pityosporites Seward emend. Manum 1960

Pityosporites scaurus (Nilsson 1958) Schulz 1967
Plate 4, fig. 4.

Sacci strongly distally placed. Attachment to cen-
tral body not accompanied by folds. Breadth
45-55 pm.

Genus Protopinus Bolkhovitina

Protopinus scanicus Nilsson 1958

A large dimension, thin exine and small differ-
ence in sculpture between the central body and
the sacci distinguish P. scanicus from other bisac-
cate pollen.

Genus Alisporites Daugherty emend. Nilsson
1958

Alisporites robustus Nilsson 1958
Plate 4, fig. 3.

The species has distinct folds distally at the sacci
attachment.

Turma ALETES Ibrahim

Genus Spheripolienites Couper 1958

Spheripollenites psilatus Couper 1958
Plate 4, fig. 7.

Spheripollenites scabratus Couper 1958
Plate 4, fig. 8.

Spheripollenites subgranulatus Couper 1958
Plate 4. fig. 9.

Genus Chomotriletes Naumova ex Naumova

Chomotriletes minor (Kedves) Pocock 1970
Plate 4, fig. 5
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Spore alete with circular amb. Exine about 1,5
pm thick and sculptured with concentric ribs. Di-
mension 20-40 pm.

Genus Perinopollenites Couper 1958

Perinopollenites elatoides Couper 1958
Plate 4, fig. 16

Perinopoolenites cf. elatoides (Couper 1958)
Lund 1977

Plate 4, fig. 15

Apart from a thicker inner exine and a folded
outer exine similar to P. elatoides.

Genus Araucariacites Cookson 1947 ex Couper
1953

Araucariacites australis Cookson 1947
Plate 4, fig. 6.

Genus Cerebropollenites Nilsson 1958

Cerebropollenites macroverrucosus (Thiergart
1949) Schulz 1967
Plate 4, fig. 12.

1958: Cerebropolienites mesozoicus Schulz 1967

Cerebropollenites thiergartii Schulz 1967
Plate 4, fig. 13.

C. thiergartii is distinguished from C. macrover-
rucosus by a dense and distinct verrucate sculp-
ture. Verrucae 1-3 pm broad and 1-2 pm high.

Turma PLICATES (Naumova) Potonié¢ 1960
Subturma MONOCOLPATES Iversen & Troels-
Smith

Genus Chasmatosporites Nilsson 1958 emend.
Pocock & Jansonius 1969

Chasmatosporites magnolioides (Erdtman 1948)
Nilsson 1958 sensu Morbey 1975

Plate 4, fig. 17.

Pollen monocolpate with subcircular to oval
amb. Exine vermiculate structured and about 2
um thick.

Genus Cycadopides Wodehouse ex Wilson &
Webster

Cycadopides nitidus (Balme 1957) Pocock 1970
sensu lato Tralau 1968

Plate 4, fig. 14.

Tralau 1968: Ginkgocycadophytus nitidus (Balme
1957) De Jersey 1962

Genus Clavatipollenites Couper 1958

Clavatipollenites hughesii Couper 1958
Plate 4, fig. 10.

Pollen monocolpate with more or less oval amb.
Exine less than 2 pm thick and infrareticulate.

Subturma PRAECOLPATES Potonié & Kremp
1954

Genus Eucommiidites Erdtman 1948 emend.
Scheuring 1970

Eucommiidites troedssonii Erdtman 1948
Plate 4, fig. 18.

Turma POROSES (Naumova) Potonié 1960
Subturma MONOPORINES Naumova .

Genus Corollina Malyavkina 1949 emend. Cor-
net & Traverse 1975
1953: Classopollis Pflug

Corollina torosus (Reissinger 1950) Klaus 1960
emend. Cornet & Traverse 1975
Plate 4, fig. 9.

Corollina meyeriana (Klaus 1960) Venkatachala
& Goézan 1964
Plate 4, fig. 11.
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Dansk sammendrag

Et 103 meter magtigt afsnit af Baga Formationen pd Bornholm
er beskrevet lithologisk og undersagt palynologisk.

70 spore/pollen morfo-typer er iagttaget og behandlet sy-
stematisk. Specielt er morfo-slegterne Deltoidospora, Tripar-
tina, Manumia og Lycopodiumsporites indgdende behandlet.
Desuden er diagnosen for Manumia variverrucata emenderet.

Baseret p& de palynologiske data er det muligt at opstille 3
biozoner. Graznsen mellem de to nederste biozoner kan ved

korrelation til ammonitzonerede lagserier i England, Holland

og DDR bestemmes til grensen mellem Nedre Jura og Mellem
Jura. Dette, samt sammenligninger med undersggelser i Skéne,
daterer det underségte profil af Bagd Formationen til Sen Toar-
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cian — Mellem Jura. En nzrmere gvre afgrensning kan pé nu-
varende tidspunkt ikke udpeges.

Udfra lithologien samt det totale fravar af marine palyno-
morpher foreslas flodslettemiljget som det fremherskende.
Den regressive natur af Bagd Formationen bekraftes af ud-
praget tendens til grovere sedimenter i de yngste afsnit, siledes
ses mudderstrgmme stammende fra alluvialkeglemiljget gverst
i profilet.
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